All reactions and manipulations were performed under nitrogen or argon, either in a Braun
Labmaster 100 glovebox or using standard Schlenk-type techniques. All solvents were distilled under nitrogen with the following desiccants: sodium-benzophenone-ketyl for diethyl ether (Et 2 O) and tetrahydrofuran (THF); sodium for pentane and toluene; CaH 2 for dichloromethane and acetonitrile (CH 2 Cl 2 , CH 3 CN); and NaOMe for methanol (MeOH). Iridium complex 1 was prepared as previously described.
1 All other reagents were purchased from commercial suppliers and used as received. NMR spectra were obtained on Bruker DPX-300, DRX-400, AVANCEIII/ASCEND 400R or DRX-500 spectrometers. UV-vis absorption spectra were recorded on a Perkin-Elmer Lambda 750S
spectrophotometer. Excitation and emission spectra were recorded on a Jobin Yvon Fluorolog 3-22 spectrofluorometer with a 450 W xenon lamp, double-grating monochromators, and a TBX-04 photomultiplier. The solid-state measurements were made in a front-face configuration using polycrystalline samples between quartz coverslips; the solution measurements were carried out in a right angle configuration using degassed solutions of the samples in 5 mm quartz NMR tubes. Emission lifetimes () were measured using either the Fluorolog's FL-1040 phosphorimeter accessory ( > 10 s) or an IBH FluoroHub TCSPC controller and a NanoLED pulse diode excitation source ( < 10 s); the estimated uncertainty is ±10% or better.
Emission quantum yields () were measured using a Hamamatsu C11347 Absolute PL Quantum Yield Spectrometer; the estimated uncertainty is ±5% or better. 
Synthesis and characterization of complex 3
To a suspension of complex 2 (0.250 g, 0.34 mmol) in THF (10 mL) was added a solution of KO t Bu (0.042 g, 0.37 mmol) in THF (5 mL), and the reaction mixture was stirred for 24 h at room temperature. Solvent was evaporated, and the resulting solid was washed successively with H 2 O (3  5 mL), Et 2 O (2  5 mL), toluene (2  5 mL) and cold THF (2  5 mL), and dried under vacuum. Pale yellow solid (0.134 g, 60%). Crystals suitable for X-ray diffraction analysis were grown from a saturated solution of complex 3 in THF. (2) Figure S15 . ORTEP view of molecular structure of complex 4 with thermal ellipsoids drawn at the 30% level. Hydrogen atoms, except the hydrido ligands and the NHC hydrogens, have been omitted for clarity. whereas Ir was described using the Stuttgart/Dresden Effective Core Potential and its associated basis set SDD. 10 All geometry optimizations were performed in the gas phase without restrictions. Vibrational analysis was used to characterize the stationary points in the potential energy surface, as well as for calculating the Zero-point, Enthalpy and Gibbs energy corrections at 295 K and 1 atm. The nature of the intermediates connected by a given transition state along a reaction path was proven by IRC calculations or by perturbing the geometry of the TS along the reaction path eigenvector and optimizing to the corresponding minima. Bulk solvent effects (THF) were modelled with the SMD continuum model. [11] Figure S16. DFT calculated energy profile for self-hydrogenation of the imidazol-2-ylidene complex 5. Data are free energy in THF (kcal·mol -1 ) relative to 2x5 + 2xH 2 . Data in parenthesis corresponds to ΔZPE in THF.
